The present study aims to determine the influence of microvascular dysfunction (MVD) in the prognosis of patients presenting isolated left bundle branch block (LBBB). Methods: We studied 30 patients (pts), 22 males, 8 females, mean age 57 ± 4 years, with isolated LBBB, with a mean follow up of 48 ± 6 months. The control group consisted of 20 healthy individuals, 12 males, mean age 52 ± 10 years. Both groups were screened for cardiovascular risk factors (RF); they also had an echocardiogram and Coronary CT Scan, ruling out both structural heart disease and obstructive lesions of the epicardial coronary arteries. A myocardial perfusion study was then performed, with two groups emerging according to these results: Group A, 8 pts (26%), with reversible perfusion defects, in which the diagnosis of MVD was suspected, and Group B, 22 pts (74%), with either normal perfusion or minor septal/apical reversible defects (related to LBBB). All Group A pts, and 9 of the Group B pts, underwent coronary arteriography, with intracoronary acetylcholine and nitroglycerine infusion, thus evaluating vasomotor response as endothelium dependent (acetylcholine) or endothelium independent (nitroglycerine). During follow up, we reviewed functional class, 12 lead ECG and echocardiogram on a yearly basis. Results: All Group A patients had an abnormal acetylcholine response; only three of them had abnormal response to nitroglycerine infusion, suggesting endothelium dependent MVD. Of those in Group B, only one patient had abnormal acetylcholine response. At the end of the follow up period, 3 pts (37%) in Group A, showed functional class decrease vs 5 pts (22%) of those in Group B. In Group A, a significant increase of End Diastolic Left Ventricle Diameter (EDLVD) was found (51.6 ± 3.6 vs 59.3 ± 6.8 mm; p < 0.05) with significant decrease in LVEF (62 ± 4.8 vs 46% ± 3.7%, p < 0.01); both controls and Group B showed no variation. In neither group major complications (death, heart failure admissions) were found. Conclusion: We confirm the association between MVD and a worse clinical prognosis in isolated LBBB patients. Repeated ischemia and myocardial fibrosis are highlighted as possible physiopathological mechanisms, precluding a progressive left ventricular function decrease, with a higher mortality and arrhythmia risk. Endothelial function preserving strategies, both preventive and therapeutic, might be useful in improving LBBB with MVD patient's prognosis.
INTRODUCTION
LBBB is usually associated with previous heart disease, but in up to 12% of cases, it appears not to be so, thus being accepted as isolated LBBB [1] . LBBB entails an increase in cardiovascular related death risk [2] . Higher than expected rates of high grade atrioventricular heart block and sudden death have been reported, and in coronary artery disease patients, a more extensive affection of the epicardial arteries, a more severe ventricular dysfunction and a lower survival rate have been described [3] .
Previous studies regarding prognostic value of isolated LBBB yielded unhomogeneous results, due to different populations and study designs. Usually considered as a benign condition, in some cases, a progressive deterioration of the left ventricular function is noted, with a higher than expected mortality; the causal mechanisms and prognostic factors remain unknown.
Among those causes possibly related with a poor outcome, MVD was pointed out a few years back [4] . This hypothesis was highlighted after the X Syndrome (angor pectoris with normal coronary arteries) description; this was first suggested by Olser in 1910, in a patient with a long period recurrent angina with normal coronary arteries in necropsy [5] . A progressive deterioration of left ventricular contractility and, subsequently, a worse prognosis were described in some patients with either permanent LBBB or with frequency dependent LBBB [6] . Previous studies seem to underline an alteration of the coronary artery dilation capability (MVD) as a main factor in this poor outcome [7, 8] .
This paper aims to investigate the correlation between coronary arteries micro vascular dysfunction and a worse clinical prognosis in patients with isolated LBBB who develop left ventricular dysfunction during follow up.
METHODS
The study group included 30 patients (22 male, 8 female), with a mean age of 57 ± 4 years, with isolated LBBB diagnosed in the six months before inclusion, with a mean follow up period of 48 ± 6 months. Structural heart disease was ruled out by echocardiography, and major epicardial coronary arteries were studied by means of Coronary CT Scan. The control group consisted in 20 normal subjects without LBBB (12 male, 8 female, 52 ± 10 years) ( Table 1) .
The exclusion criteria were pregnancy, previous heart disease (congenital, valvular, ischemic or hypertensive cardiopathies), primary cardiomyopathies and connective tissue disorders. No previous history of pacemaker, atrial fibrillation and heart surgery was found both in patients and control subjects. Patients undergoing therapy susceptible of depressing heart contractility or affecting the conduction system were also excluded. Inclusion and exclusion criteria are summarized in Table 2 .
We screened for major cardiovascular risk factors, specifically smoking history, high blood pressure, type 2 diabetes and dyslipidemias. All patients in the study group were in sinus rhythm, with a LBBB pattern in the ECG with a QRS complex duration ≥140 ms in men and ≥130 ms in women, QS or rS in V1 and V2 precordial leads, and end QRS slurring in ≥2 leads (V1, V2, V5, V6, I and aVl).
The study was approved by our institution ethics committee, and informed consent was obtained in all patients.
Coronary CT Scan
A coronary CT scan was performed as a means to rule (Siemens) . When heart rate was higher than 65 bpm, intravenous metoprolol (5 mg up to a maximum of 10 mg) was administered. With antecubital venous access, 82 -105 ml of non-ionic contrast (Iodixanol) was then infused, followed by 50 ml saline infusion at a 5 ml per second rate.
Echocardiographic Study
Transthoracic echocardiographic studies were performed with commercially available ultrasound machines (Sonos 5000, Philips Ultrasound; Vivid System 4, GE/Vingmed), equipped with a multifrequency phased-array sector scan 3 mHz probe. M mode measurements (in mm) of the left ventricular walls, end diastolic diameter (EDD) and end systolic diameter (ESD) were obtained according to standardized protocols. 2D mode protocol included end diastolic volume index (EDVI, ml/m 2 ), end systolic volume index (ESVI, ml/m 2 ) and left ventricular ejection fraction (LVEF, %) measurements as per Simpson's method.
Gammagraphic Study
A Bruce protocol stress test was performed (CASE 16, GE Healthcare tread mill), with continuous ECG and blood pressure monitoring. Electrocardiographic response was considered non evaluable due to LBBB. Functional class was measured in METs.
At the final stage 27 mCi (1.000 MBq) of 99 m Tcsestamibi were infused, and single photonic emission computerized tomography (SPECT) (Siemens) was obtained both immediately and in a 6 -8 hours interval from injection of the isotope. A multiple spindle gamma camera, with high resolution and low energy collimators, acquired cardiac perfusion images. A 64 × 64 matrix with 40 s per image acquisition time were used.
Trans-axial slices reconstruction was performed with a specific dedicated computer program. Polar maps ("bull's eye") of the relative distribution in the left ventricle were rendered by using a volumetric sampling tool. Each polar map was normalized to its individual maximum. SPECT polar maps quantitative analysis allowed the calculation of the activity profile in every single short axis slice, from apex to base. The global values of each slice were represented in a color scale proportional to the activity, the center of this representation being occupied by the ventricular apex and the periphery by the basal segments. Contractility and systolic thickening of the left ventricle were evaluated employing ECG synchronized (gating) tomographic study. Fat oral intake was recommended to favor hepatobiliar radio tracer elimination, thus decreasing interference with the image acquisition.
According to this gammagraphic study, two groups were established:
Group A: 8 people (26%), with perfusion reversible defects, either single or multiple, in which micro vascular dysfunction was suspected (Figure 1 ).
Group B: 22 people (74%), with either normal perfusion tests or with minor isolated septal or apical defects, considered secondary to phasic coronary flow alteration induced by interventricular septum paradoxical movement, in itself secondary to LBBB.
Endothelial Function Study
All patients in Group A, and 9 patients in Group B, underwent coronary arteriography with intra coronary acetylcholine and nitroglycerine infusion as per usual protocol, in order to evaluate vasomotor response, either endothelium dependent or independent respectively. All vaso-active medications were stopped 48 hours before angiography. In all procedures femoral artery access was granted. An 8 Fr angioplasty guide catheter was placed in the left coronary artery ostium. Through this guide catheter, an infusion catheter (Cordis 3/2,5 Fr) was advanced over an angioplasty guide wire until it was placed in the proximal artery segment subject of study (left anterior descending in all cases). To avoid vasospasm induction, the guide wire was retrieved once the infusion catheter was properly placed.
Endothelial dependent vasodilatation response was analyzed in the first place by selective intracoronary acetylcholine infusion. Assuming an 80 ml/m coronary flow, we prepared 10 6 , 10 5 and 10 4 mol/l concentrations, estimating and intracoronary 10 8 , 10 7 and 10 6 mol/l acetylcholine concentrations. A basal 5% glucose mechanical injection served as control, with further successively increasing concentration infusions of acetylcholine during two minutes (10 6 , 10 5 and 10 4 mol/l). A manual injection coronariography was performed after each infusion. Endothelial independent vasodilatation response was then studied, with 200 µg nitroglycerine infusion and a further angiographic injection.
Blood pressure, heart rate end ECG were monitored continuously and registered immediately before each angiographic injection. For reproducibility allowances, during basal study the angiography angle, rotation, height and catheter type were registered.
Quantitative Coronary Angiography
For a better evaluation of the anterior descending artery a biplanar image equipment was used, acquiring orthogonal projections, with no need to modify radiological conditions between injections. The different angiographic projections were analyzed, post procedure, by the same observer using automatic border detection software and the guide catheter as reference. For each acetylcholine dose, percentual luminal diameter variation from basal measurement was determined at three different arterial segments (proximal, medial and distal). In each patient the mean percentual variation in every segment was calculated for further analysis. Finally, mean percentual luminal diameter variation was measured between acetylcholine and nitroglycerine perfusion (after analyzing the two distal segments mean variation).
Intra observer method variability was analyzed by repetition of measurements in 20 angiographies after at least 3 months delay (yielding a total number of 200 measurements). The observed differences (mean ± 2 standard deviations) in the percentual luminal diameter variation were: 2.0% ± 3.9% for basal values; 1.8% ± 4.0% for the maximum acetylcholine dose and 1.7% ± 3.8% after nitroglycerine.
The intra class correlation coefficients were 0.95 for basal values, 0.96 for the maximum acetylcholine dose and 0.98 after nitroglycerine. Thus, endothelial dysfunction was considered when a vasoconstriction after maximum acetylcholine dose higher than the analysis method variability (4%) was found (Figure 2) . 
Follow Up
Patient mean follow up was of 48 ± 6 months. Functional class, echocardiogram and 12 lead ECG were performed on a yearly basis. At the end of follow up a coronary CT scan was obtained to rule out new coronary epicardial obstructive lesions in those patients with obvious ventricular function deterioration.
Statistical Analysis
Quantitative variables were expressed as mean ± standard deviation. Paired data t Student method was used for quantitative variable comparison. Pearson correlation coefficient was used when determining relation between quantitative variables. A p < 0.05 value was considered statistically significant.
RESULTS
More Group A patients had more that 2 RF: 6 pts (75%) vs 10 pts (45%) (p < 0.05), while only 2 pts (10%) in the control group showed this risk profile (p < 0.001). Clinical data of the three groups are summarized in Table 3 . All patients were asymptomatic at inclusion (NYHA functional class I), with a left ventricle ejection fraction (LVEF) in the normal range and a slightly higher (though non significant) left ventricular end diastolic diameter (LVEDD) in group A pts, as summarized in Table 4 .
To determine coronary vasomotor response to intracoronary acetylcholine infusion (endothelium mediated vasodilator response) and to nitroglycerine (non endothelium mediated vasodilator response) all Group A pts and 9 of the Group B pts underwent coronary arteriography. In Group A all 8 pts showed abnormal response to acetylcholine (arterial vasoconstriction) while only 3 of them had abnormal response to nitroglycerine infusion (no increase in luminal diameters); these results were compatible with microvascular endothelium dependent dysfunction. In Group B, just one patient showed abnormal response to acetylcholine while every patient in this group showed significant increase of the luminal diameter after intracoronary nitroglycerine infusion, as summarized in Table 5 .
At one year follow up functional class, 12 lead ECG and echocardiographic measurements were recorded. No atrioventricular conduction defects or QRS duration increases were found. At the end of follow up, 3 pts (37%) in Group A showed a 1 -2 grades worsening of their functional class, while only 5 pts (22%) of those in Group B. LVEDD showed significant increase (51.6 ± 3.6 vs 59.3 ± 6.8 mm; p < 0.05) with a significant decrease in LVEF 62 ± 4.8 vs 46% ± 3.7%, p < 0.01) in Group A patients, while these values remained unaltered in both Group B pts and controls. No deaths or heart failure hospital admissions were recorded Table 6 .
Functional class deterioration, ejection fraction decrease, or both, were found in eleven patients (7 in group A, 4 in Group B). All of them had a new coronary CT scan, but no new epicardial coronary lesions were found.
DISCUSSION
Isolated bundle branch block, without apparent or suspected structural heart disease, has a 0.28% prevalence, with a significantly higher frequency of the right bundle block versus that of the left bundle (0.18% vs 0.1% respectively, p < 0.01), and with a combined prevalence of both conduction defects increasing with age [8] . In our work we found a worse clinical outcome in isolated LBBB patients with associated MVD data. Since Wiggers's first description [9] , other studies suggested that an abnormal ventricular activation pattern caused by LBBB or right ventricular apical stimulation is linked to left ventricular function deterioration, structural changes and regional myocardial perfusion differences. An anomalous inverse activation sequence is found in LBBB patients, leading to interventricular asynchrony with interventricular septum anomalous movement and subsequently reducing septal contribution to left ventricular systolic performance [10] . Isolated LBBB related interventricular and intraventricular asynchrony by itself would not account for the divergent progression of left ventricular anatomical and functional parameters found in different subsets of patients.
Coronary microvascular dysfunction hypothesis as explanatory cause of the left ventricular function worsening found in isolated LBBB patients emerges after the X Syndrome (angor pectoris with normal coronary arteries) description. Cannon RO et al. [11] described a poor clinical progression with significant deterioration of the left ventricular contractility through the years in a subgroup of X Syndrome patients presenting with either permanent LBBB or rate dependant LBBB. In that study, sings of coronary microvascular dysfunction were described in that subset of patients, mainly an abnormal vasodilator reserve as evidenced by the following findings: a) Coronary blood flow at rest was normal in the coronary arteriography. After dipyridamole infusion, maximal myocardial blood flow increase was half of that measured in a control group without LBBB. b) Lactate production increased during high rate atrial pacing, a well known finding in patients with obstructive coronary artery disease [12] and c) Significant lowering of the left ventricular contractile reserve, as measured with basal and post exercise isotopic ventriculography. Other studies confirm these findings, remarking myocardial ischemia as the underlying physiopathological mechanism even in the presence of normal epicardial coronary arteries, which may lead to latent cardiomyopathy with prognostic significance [6, [13] [14] [15] [16] .
We studied 30 patients with isolated LBBB and normal epicardial coronary arteries. According to stress gammagraphy results, two patient groups were established: Group A, with 8 patients (26%) with single or multiple reversible perfusion defects, in which MVD was accepted, and Group B (22 patients, 74%) with either normal or with isolated septal defects, secondary to paradoxical movement of the interventricular septum related to the LBBB itself.
The clinical profile was homogenous in both groups but for a higher presence of RF in Group A.
Huge epidemiologic studies [17, 18] have defined those factors related to coronary disease and its complications. This RF may act precociously, causing vascular damage well before clinical disease becomes evident. In arteriosclerotic affected adults, endothelial dysfunction has been described [19, 20] , but it is indeed a remarkable early event in atherogenesis [21, 22] . The cause of the alteration of the endothelium dependent vasodilatation in risk factors prone subjects remains unclear, but decreased liberation or synthesis, or both, of the endothelial derived relaxing factor (RFED) have been strongly suggested [23] [24] [25] to be related. Zeiher et al. [26] showed an increased coronary blood flow after intracoronary acetylcholine infusion in a group of healthy subjects with no cardiovascular risk factors and normal epicardial coronary arteries. Those subjects with hypercholesterolemia and high plasmatic LDL concentrations, even with angiographycallly normal arteries, had a selective coronary dysfunction with vasoconstriction and decreasing coronary blood flow after acetylcholine infusion.
As expected, coronary vasomotor response to intracoronary acetylcholine infusion (endothelium derived vasodilatation) and to nitroglycerine (non endothelium dependent vasodilatation) diverged in both groups. All 8 group A patients showed an abnormal response to acetylcholine (arterial vasoconstriction) and only 3 of them an abnormal response to the nitroglycerine bolus (absence of any increase in the arterial diameter), which is compatible with endothelium dependent micro vascular dysfunction. Of those in Group B just one patient showed abnormal acetylcholine response while all of them reacted with intra arterial diameter significant increase after intracoronary nitroglycerine infusion, consistent with a preserved coronary reserve. Considering a definite relation being established between cardiovascular risk factors and microvascular dysfunction in the absence of epicardial coronary arteries stenosis, the additional effect of isolated LBBB on the progressive deterioration of the left ventricular function remains questionable.
All patients at inclusion presented a diskinetic movement of the interventricular septum as only sing of ventricular asynchrony, with well in the normal range LVEF and ventricular measurements. Patients were reviewed on a yearly basis, with current functional class assessment and new ECG and echocardiograms. Neither QRS complex prolongation nor atrioventricular conduction defects were observed.
At the end of the follow up period a greater functional class deterioration was found in Group A patient vs Group B (37% vs 22%). Compared to inclusion values, Group A patients showed an increase in end diastolic left ventricular diameter (EDLVD) (51.6 ± 3.6 vs 59.3 ± 6.8 mm; p < 0.05) and a LVEF drop (62 ± 4.8 vs 46% ± 3.7%, p < 0.01) while both values remained unaltered in Group B. No deaths were recorded in any group.
The role of MVD in those LBBB patients who presented left ventricular function deterioration at follow up might be related to myocardial fibrosis. One study [27] describes SPECT images in 21 dilated cardiomyopathy patients, 10 min and 2 hours after basal 111 MBq 201 Tl injections. Myocardial uptake patterns were related to endomyocardial biopsy results, and an inverse relation between isotopic uptake percentage and the fibrosis/ normal tissue ratio was found. Fibrosis found in the area of a focal perfusion defect is probably linked to intraventricular conduction delay, ventricular dyssynchrony and left ventricular systolic function deterioration. Left ventricular diastolic function might as well be affected through prolonged systolic intervals, asynchronous relaxation, and both metabolic and energetic deficits [28, 29] . Myocardial fibrosis related focal left ventricular perfusion defects might be an arrythmogenic substrate with a risk for ventricular arrhythmias [30] .
Group A patients in our study, with perfusion defects and microvascular dysfunction sings in the coronary arteriography, might show myocite destruction and repairing fibrosis, as some autopsy studies have shown both in humans [31, 32] and experimental models [33, 34] These fibrotic areas might be responsible of the functional class deterioration, the increase in LVEDD and the LVEF drop found in Group A pts, worsening the clinical prognosis compared to those in Group B.
In conclusion, the proposed mechanisms involved in the worse clinical evolution found in isolated LBBB and MVD patients are: A) LBBB induced inter and intra ventricular asynchrony and coronary phase flow alteration, which in turn lead to left ventricular function deterioration, end diastolic left ventricular pressure increase and subsequent subendocardial perfusion drop. B) The presence of cardiovascular risk factors would enable microvascular dysfunction, ongoing ischemia and myocardial fibrosis, leading to a left ventricular function progressive deterioration, with a higher mortality and arrhythmia risk (Figure 3) . Early adoption of therapeutic and prevention strategies aimed to preserve the endothelial function in these patients with LBBB and microvascular dysfunction data, might prove useful in improving 
